1. Introduction
===============

One of the reasons why patients visit dental clinics is to esthetically enhance and improve their smile. The majority of people think that brighter and lighter teeth are associated with more attractive smile, but in order to create a beautiful natural smile, one should not solely focus on the smile or the teeth alone, but it's harmony with the whole face should be considered so that it does not look absurd, or standout in an ugly way. To have a successful esthetic smile that looks natural and attractive, certain determinants must be correctly chosen. The color of the restoration or the tooth is one of them. Tooth color is considered the most important factor of patients' perceptions of dental attractiveness ([@b1-epj-10-6448]). The whiter the teeth the prettier the smile, yet this mistaken perception of patients' dental attractiveness is not the only challenge a dentist has to overcome, but its harmony with its surroundings makes this procedure more challenging. Tooth shade or tooth color should be in harmony or in certain relationship with the skin complexion of the face ([@b2-epj-10-6448]). Color is a subjective and objective complex phenomenon that many systems tried to describe; one of these systems which is used widely in dentistry is the Munsell System ([@b3-epj-10-6448], [@b4-epj-10-6448]). According to this system, there are three parameters of color: hue, chroma, and value. Hue is the color appearance parameter, it is synonymous with the term color (red, blue, green, etc.) or the color produced by a specific light wave length acting on the retina. Chroma is the saturation or the intensity of the color, while value is the relative lightness or darkness of the color ([@b5-epj-10-6448]). A light tooth has high value, and a dark tooth has a low value. Value is considered the most important of the three parameters in shade selection, since a small variation in chroma and hue will not be noticeable if value blends ([@b6-epj-10-6448]). Value differences are easily detected even by untrained eyes ([@b7-epj-10-6448]), and can be easily noticed from near or far distances, but as the viewing distance increases, the differences in hue and chroma become less noticeable ([@b7-epj-10-6448]). There are many factors that affect tooth shade such as age and gender ([@b2-epj-10-6448], [@b8-epj-10-6448]). With age, teeth become darker and yellower ([@b9-epj-10-6448], [@b10-epj-10-6448]), and females tend to have lighter teeth than males ([@b9-epj-10-6448], [@b11-epj-10-6448]). Skin complexion is the visual assessment of skin color and tone. It can be affected by many factors as age, genetics, sun exposure and ultraviolet rays, hormones, vitamins and nutritional deficiency, acne and improper skin care, or the use of wrong cosmetics ([@b12-epj-10-6448]). Several studies were carried out to determine the relationship between skin complexion and tooth shade ([@b10-epj-10-6448], [@b11-epj-10-6448], [@b13-epj-10-6448]--[@b15-epj-10-6448]). Some of which, found an inverse relationship between the two parameters while others found no existing relationship between them. Yet, further research is needed to be conducted among Jordanians to consider all elements that might affect teeth shade selection in order to enhance the good looking and natural appearance of the individuals' smiles. The rationale of this study is to determine the relationship between skin complexion and tooth color when designing and planning removable or fixed restorations. This study will be a valuable aid for dentists when restoring patients' teeth in order to achieve an aesthetic restoration that is in harmony with the surroundings, thus enhancing the natural beauty of their smile.

2. Material and Methods
=======================

2.1. Research Design and Setting
--------------------------------

This was an analytical cross-sectional study, conducted at the Royal Medical Services dental clinics in different cities across Jordan to make sure that this sample is a true representation of the Jordanian population and its distribution. It was done over one year, from 2015 to 2016, in which a total of 520 patients belonging to different age groups ranging from 15 to 65 years were examined, with equal sex distribution to avoid gender bias. Before the study was conducted, written informed consent was taken from all participants. In addition, ethical approval was obtained from the Human Research Ethics Committee at Royal Medical Services.

2.2. Sampling
-------------

Our sample consists of 520 patients visiting the Royal Medical services dental clinics for dental care. This sample is greater than that which was identified by the Sample Size Calculator by Raosoft, Inc. (385 patients), with a marginal error of 5% and confidence level of 95% ([@b16-epj-10-6448]). Thus ensuring minimal marginal error less than 5%. Non-probability consecutive sampling technique was used to select the sample.

2.3. Measurement Tools
----------------------

Tooth shade selection was done visually using VITA 3D-MASTER tooth shade guide. One of the main reasons of using VITA 3D-MASTER tooth shade guide was its accuracy. According to Funda Bayindir et al., this shade guide has the lowest coverage errors compared to Vita Lumin or Chromascope, and its coverage error did not differ significantly when all three shade guide systems were used. Clinically this system provides high potential for good visual shade match, and using it separately is as effective as using a combination of all 3 systems together ([@b17-epj-10-6448]). This system measures the value of the tooth, which is the color parameter that this study is addressing, and using it makes data classification easier, as it is an objective numeric measurement of the value and the color of the tooth ([@b17-epj-10-6448]), moreover, the system is readily available at our dental clinics. There are many ways to determine skin type or complexion, such as visual inspection, objective measurement (e.g. spectrometer), and self-report (Fitzpatrick scale) ([@b18-epj-10-6448]). The Fitzpatrick scale is still a recognized tool for dermatological research of skin pigmentation ([@b19-epj-10-6448]). It can translate the skin type into numbers, thus eliminating observers' perception error. This scale has identified six different numerical classification schemes for human skin color, ranging from Type I being the fairest with the lowest scores to Type VI being the darkest with the highest scores ([@b20-epj-10-6448], [@b21-epj-10-6448]). This numerical classification was based on a questionnaire related to participants' reaction to sun exposure and genetics. The response to each question was measured on a scale of 0--4, then the responses were added to get the final score that corresponded to Fitzpatrick skin type ([@b22-epj-10-6448]). The following list shows the six categories of the Fitzpatrick scale according to the Skin Cancer Foundation ([@b23-epj-10-6448]):

-   Type I (scores 0--6) always burns, never tans, blue, gray eyes, pale white, freckles, blond or red hair.

-   Type II (scores 7--12) usually burns, tans minimally, blue, green, or hazel eyes, blond, brown or red hair, white complexion.

-   Type III (scores 13--18) sometimes mild burn, tans uniformly, cream white, yellowish, any hair color.

-   Type IV (scores 19--24) burns minimally, always tans well, light brown or olive, dark brown to black hair.

-   Type V (scores 25--30) very rarely burns, tans very easily with brown complexion.

-   Type VI (scores 30+) never burns, always tans with deeply pigmented dark brown to darkest brown complexion.

2.4. Data Collection
--------------------

Patients were selected according to inclusion and exclusion criteria after proper history taking and clinical examination. The inclusion criteria were any subject, above the age of 15 years, with fully erupted maxillary anterior teeth, that have not been endodontically treated, restored, carious, or with intrinsic stains or developmental defects. Participants should be without any dermatological diseases, or undergoing any dermatological treatment. The exclusion criteria were subjects with history of bleaching, abnormality in tooth development, intrinsic staining, restored or endodontically treated maxillary central incisors and skin pigmented diseases. After the initial inclusion, tooth polishing procedure was done to the patients before selecting the tooth shade to remove any extrinsic stains. Special considerations were taken for female subjects as they were asked to remove lipstick or lip gloss at the time of clinical examination and data collection. Patients were asked to wear a neutral color, and a gray apron was put over their clothes at the time of tooth shade selection to avoid the effect of their colorful clothes on tooth color perception of the examiner, thus affecting tooth color selection procedure. Data was collected by one researcher to ensure standardization

2.5. Tooth Shade and Skin Type selection
----------------------------------------

Shade reading was taken after passing an Ishihara color-blindness test ([@b24-epj-10-6448]), and tooth shade was determined using VITA 3D-MASTER tooth shade guide, following manufacture instructions ([@b25-epj-10-6448]). The lightness group (L) was first determined, followed by chroma (C), and finally the hue (H). This order better matches the capabilities of the human eye, and corresponds to the importance of the three color elements in obtaining an accurate shade match ([@b25-epj-10-6448], [@b26-epj-10-6448]). One of the main principles that were followed in shade selection was that patients were viewed at eye level so that the retina's most color-sensitive part was used ([@b27-epj-10-6448]). The clinician's position was at an arm's length from the subject, since this distance of 25--33 cm is the standard reading distance that is used by ophthalmologist in visual acuity tests for near vision ([@b28-epj-10-6448]). Shade comparison was made on clean teeth under different lighting conditions as incandescent and fluorescent lightening, and the color was confirmed under natural daylight after initial selection. Shade comparison was made at the start of the patient's visit to avoid dehydration of the tooth; as dehydrated teeth appear lighter. Brightly colored clothing were draped and lipstick was removed as their colors might affect perception of the examiner. Shade comparison should be made quickly without staring at a tooth for more than 5 seconds, since our eyes might become accommodated to different colors, thus affecting the tooth color selection procedure. Tooth shade guide was placed under the lip directly, next and parallel to the tooth being matched, and if possible, it should be in the same plane with the tooth, not behind it or it will appear darker, nor in front of it or it will appear lighter ([@b28-epj-10-6448]). Immediately before shade comparison, the eye was focused on a gray-blue surface in order to balance all the color sensors of the retina and resolve the afterimage if it occurred. A spectrometer randomized control trial was done to ensure the accuracy of our results. The upper central incisor was used to determine tooth shade as a representative of individual's natural tooth color. The middle third of the labial surface was used to determine the correct shade. It was found to be the best area to illustrate tooth shade; since the incisal third of the tooth is translucent and is affected by the background, while the cervical third is modified by the scattered light from the gingiva ([@b29-epj-10-6448]). After identifying the tooth color of all participants, data were categorized into two groups following VITA 3D-MASTER tooth shade guide, where value 1 and 2 were put in one category which is the category of light teeth, and value 3 and 4 were considered as another category of dark teeth. In this study there were no participants with teeth value of 5 as illustrated in [Table 1](#t1-epj-10-6448){ref-type="table"}. The participants were examined by one examiner and based on a questionnaire, answers were recorded. Certain unclear tricky questions were clarified to people with colored skin in order to be able to accurately describe their response to the sun. Questions related to sun sensitivity in the Fitzpatrick skin test were rephrased by the examiner. Terms such as 'skin was tanned' or 'got burnt' were replaced by specific descriptions such as skin became darker, itchy or irritated, since using the Fitzpatrick skin type test without clarifying these questions results in little relationship between the skin-type categories and sun-reactivity ([@b30-epj-10-6448]). Using specific descriptors such as skin irritation, tenderness, itching, or skin becoming darker, ensure more accurate results ([@b31-epj-10-6448]). These answers and examination results were collected, and Fitzpatrick skin type of each candidate was identified. Based on Fitzpatrick skin type, we categorized patients' skin complexion into two categories. The fair skin category with Fitzpatrick skin type I, II and III, and the dark skin category with Fitzpatrick skin type IV and above. This is to ensure more or less equal distribution of the collected data, since the most common Fitzpatrick skin types in our study were type III and IV. Data gathered were statistically analyzed, using Epi Info (Version 6).

3. Results
==========

Our sample was composed of 520 participants with equal sex distribution; 260 were males and 260 were females, with an average age of 30.8 years (mode 30 years), of different socioeconomic status. A significant relation was found between dark skin complexion category and the light tooth (tooth with high value category), and between light skin complexion category and the dark tooth (tooth with low value category) (p\<0.0001). As per [Table 1](#t1-epj-10-6448){ref-type="table"}, it is clear that the most common tooth value within Jordanians was tooth with value 2, with 286 patients (55%), followed by tooth value 3 with 164 patients (32%), then tooth value 4 with 38 (7%). Patients with Light tooth category (Tooth values 1 and 2) were 318 patients (61.15%), against 38.85% for patients with Dark tooth category (Tooth values 3 and 4). According to [Table 2](#t2-epj-10-6448){ref-type="table"}, the most common Fitzpatrick skin type was type IV with 250 participants (48.08%), then Fitzpatrick skin type III with 154 participants (29%). The least skin types within Jordanians were types I and VI. Out of the 520 participants, 216 patients (42%) were with fair complexion which were composed of Fitzpatrick skin I, II and III, and 304 out of the 520 participants (58%) were with dark complexion. According to the results in this study, and as shown in [Table 3](#t3-epj-10-6448){ref-type="table"}, out of the 304 Jordanians that were categorized with dark complexion, 274 patients were with light and only 30 were with dark teeth. Whereas, out of the 216 participants who were considered with light complexion, 172 had dark teeth and only 44 had light teeth.

4. Discussion
=============

The goal of this study was to identify a parameter that could be useful when selecting the tooth shade for designing and planning removable dentures, or for full mouth reconstruction. This is considered of great importance when we are planning to create a natural looking smile especially when adjacent teeth are lost, and no previous records of teeth color are available. Creating a perfect harmonic scheme between colors is highly essential in the world of art and design. The rules of color harmony apply equally well in designing an esthetically good looking smile in terms of visual perception. Therefore, harmonizing the background color of the skin with the foreground color of teeth is considered an important element in smile design and facial beauty. Skin complexion varies from one person to another, and the Fitzpatrick scale sums them up in categories. Yet little information was mentioned in literature on Jordanians' skin types, but according to our results, most of the Jordanian population are with skin type IV and III. This result agreed with a study which was carried out on a Northern Jordanian population by Omari et al. ([@b32-epj-10-6448]). The results of this study established an inverse relation between skin complexion and tooth value. Persons with medium dark and dark skin were more likely to have teeth in the high value category than persons with medium fair and fair skin, and vice versa. These results agreed with the findings of many researchers such as Jahangiri L et al. ([@b10-epj-10-6448]), and Suneel V. K. ([@b14-epj-10-6448]) who found an inverse relation between tooth shade and skin complexion, but disagreed with other researchers such as Esan TA et al. ([@b11-epj-10-6448]), and Al-Dwairi Z ([@b15-epj-10-6448]) who found no relation between tooth shade and skin complexion. This could be due to the difference in population selection, or might be due to using different shade guides. In our study, we used VITA 3D Master which, according to the manufacturer, covers the whole color space and reflects distribution of tooth shade in nature in a systematic way, as well as it covering and measuring the value of the tooth ([@b33-epj-10-6448]). Also, using different tools or reference guides in identifying skin complexion might explain these findings, since other studies relied on visual assessment, but in our case, we used Fitzpatrick skin type to categorize and identify skin complexion.

5. Conclusions
==============

The main finding of this study is that there is an inverse relationship between skin color and tooth value among Jordanians. People with fair skin were more likely to have dark teeth (teeth with low value), and people with dark skin color tended to have lighter teeth (teeth with high value). It was concluded that appropriate tooth shade selection has to be customized for each individual in order to make the whole picture mimic nature. In our society, smile designing is highly advocated in esthetic practices, and a perfect integration between facial complexion and teeth is highly important. Yet, further research should be conducted in this field to identify other parameters that could be useful in tooth shade selection. Not to forget other components of esthetic smiles that should be taken into consideration as establishing a healthy functional relationship between oral supporting structures, gingiva and occlusion.
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###### 

Participants' distribution according to the value of their teeth.

  Category      Tooth value    Count vs. tooth value, n (%)   Count vs. tooth shade, n (%)
  ------------- -------------- ------------------------------ ------------------------------
  Light Tooth   1              32 (6.15%)                     318 (61.15%)
  2             286 (55.00%)                                  
  Dark Tooth    3              164 (31.54%                    202 (38.85%)
  4             38 (7.31%)                                    
  Total                        520 (100%)                     520 (100%)

###### 

Participants' distribution according to the skin type (Fitzpatrick).

  Category                Fitzpatrick skin type   Count vs. skin type, n (%)   Count vs. complexion, n (%)
  ----------------------- ----------------------- ---------------------------- -----------------------------
  Light Complexion Skin   I                       2 (0.38%)                    216 (41.5%)
  II                      60 (11.54%)                                          
  III                     154 (29.62%)                                         
  Dark Complexion Skin    IV                      250 (48.08%)                 304 (58.5%)
  V                       52 (10.00%)                                          
  VI                      2 (0.38%)                                            
  Total                                           520 (100%)                   520 (100%)

###### 

Relation of the two categories of skin complexion to the two categories of tooth shade value (p\<0.0001).

  Category                Light Teeth   Dark Teeth   Total
  ----------------------- ------------- ------------ -------
  Dark Complexion Skin    274           30           304
  Light Complexion Skin   44            172          216
  Total                   318           202          520
